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1
FINE TIME ASSISTANCE FOR GLOBAL
NAVIGATION SATELLITE SYSTEMS

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority to U.S. Provisional
Patent Application No. 61/451,696, filed on Mar. 11, 2011;
which is hereby incorporated herein by reference in its
entirety.

BACKGROUND

As mobile devices proliferate, the demand for services
tailored to device location also increases. Location based
services depend on positioning systems to determine device
location. Global navigation satellite systems (GNSS), which
include the global positioning system (GPS), GLONASS,
Beidou, QZSS, SBAS, Galileo, and similar systems, are
sometimes used in locations where it is difficult to acquire
satellite signals. As satellite signal attenuation increases, the
receiver must integrate the received signal over a longer
period of time in order to acquire the signal. Without assis-
tance some devices can take an excessively long time to
compute a location or may fail to acquire satellite signals at
all.

SUMMARY

Apparatus and method for providing fine timing assistance
to global navigation satellite systems (GNSS) via wireless
local area network (WLAN) are disclosed herein. In one
embodiment, a method for synchronizing a global navigation
satellite system (GNSS) receiver includes receiving, by a
wireless device, via a wireless local area network (WLAN),
fine time assistance information transmitted by an assisting
device connected to the WLAN. A time value of a GNSS
clock of the wireless device is adjusted based on the fine time
assistance information. Based on the adjusted time value,
GNSS codes of a GNSS positioning signal are acquired by the
wireless device.

In another embodiment, a wireless device includes a GNSS
receiver, a WLAN transceiver, and a synchronization system.
The GNSS receiver includes a GNSS clock, and the WLAN
receiver includes a WLAN clock. The synchronization sys-
tem is configured to synchronize the WLAN clock to the
GNSS clock. The synchronization system is also configured
to adjust the GNSS clock based on fine timing assistance
information received via the WLAN transceiver.

In yet another embodiment, a wireless system includes a
first wireless device and a second wireless device. The first
wireless device includes a GNSS receiver, a WLAN trans-
ceiver; and a clock synchronization system. The clock syn-
chronization system is coupled to the GNSS receiver and the
WLAN transceiver. The clock synchronization system is con-
figured to synchronize a GNSS clock of the GNSS receiver to
GNSS timing based on fine time assistance information pro-
vided via the WLAN transceiver. The second wireless device
includes a WL AN transceiver configured to provide fine time
assistance information based on a clock of the WLAN trans-
ceiver, and to transmit the fine time assistance information to
the first wireless device.

In a further embodiment, a wireless device includes a
WLAN transceiver and a synchronization system. The
WLAN transceiver includes a WLAN clock. The synchroni-
zation system is configured to synchronize the WLAN clock
GNSS timing. The synchronization system is also configured
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2
to transmit fine timing assistance information, based on the
WLAN clock, to a different wireless device via the WLAN.
The fine timing assistance information provides timing that is
within less than a GNSS pseudo-noise code period of GNSS
timing.

BRIEF DESCRIPTION OF THE DRAWINGS

For a detailed description of exemplary embodiments of
the invention, reference will now be made to the accompany-
ing drawings in which:

FIG. 1 shows a block diagram of a system for providing
fine time assistance to a global navigation satellite system
(GNSS) receiver via wired local area network (WLAN) in
accordance with various embodiments;

FIG. 2 shows a block diagram of a wireless device config-
ured to synchronize a GNSS receiver using fine time assis-
tance information provided via WLAN in accordance with
various embodiments;

FIGS. 3-6 show flow diagrams for methods for providing
fine time assistance to a GNSS receiver via WLAN in accor-
dance with various embodiments.

NOTATION AND NOMENCLATURE

Certain terms are used throughout the following descrip-
tion and claims to refer to particular system components. As
one skilled in the art will appreciate, companies may refer to
a component by different names. This document does not
intend to distinguish between components that differ in name
but not function. In the following discussion and in the
claims, the terms “including” and “comprising” are used in an
open-ended fashion, and thus should be interpreted to mean
“including, but not limited to . . . . ”” Also, the term “couple”
or “couples” is intended to mean either an indirect or direct
electrical connection. Thus, if a first device couples to a
second device, that connection may be through a direct elec-
trical connection, or through an indirect electrical connection
via other devices and connections. Further, the term “soft-
ware” includes any executable code capable of running on a
processor, regardless of the media used to store the software.
Thus, code stored in memory (e.g., non-volatile memory),
and sometimes referred to as “embedded firmware,” is
included within the definition of software. The recitation
“based on” is intended to mean “based at least in part on.”
Therefore, if X is based on Y, X may be based onY and any
number of other factors.

DETAILED DESCRIPTION

The following discussion is directed to various embodi-
ments of the invention. Although one or more of these
embodiments may be preferred, the embodiments disclosed
should not be interpreted, or otherwise used, as limiting the
scope of the disclosure, including the claims. In addition, one
skilled in the art will understand that the following descrip-
tion has broad application, and the discussion of any embodi-
ment is meant only to be exemplary of that embodiment, and
not intended to intimate that the scope of the disclosure,
including the claims, is limited to that embodiment.

Because satellite signal acquisition can require an undesir-
ably long time, various assisted global navigation satellite
systems (GNSS), such as assisted global positioning system
(AGPS) have been developed. Assisted GNSS systems can
reduce the time required to determine the position of the
satellite receiver. For example, the global positioning system
(GPS) signal includes pseudo-noise sequences of one milli-
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second (ms) duration that are continuously repeated. In
attempting to acquire a satellite signal, the GPS receiver must
search over all possible code delays with a 1 ms window to
find the proper sub-ms delay. Receiving time assistance that is
more accurate than 1 ms enables the receiver to reduce the
number of hypothetical code delays that must be searched.
Consequently, time assistance more accurate than 1 ms is
termed fine-time assistance.

Embodiments of the present disclosure provide fine timing
assistance information via wireless local area network
(WLAN), also known as WIFI, for use by a GNSS receiver.
Thus, embodiments are applicable to reducing satellite signal
acquisition time in an increasingly large number of wireless
devices that incorporate both GNSS receivers and WLAN
transceivers.

FIG. 1 shows a block diagram of a system 100 for provid-
ing fine time assistance to a GNSS receiver via WLAN in
accordance with various embodiments. The system 100
includes one or more positioning satellites 110 and at least
two wireless devices 102, 104, 106. The positioning satellites
110 provide positioning signals for use by the wireless
devices 102-106 for position determination. At least two of
the wireless devices 102-106 are configured to perform posi-
tioning based on the signals transmitted by the positioning
satellites 110. The wireless devices 102-106 are also config-
ured to communicate via a WLAN (e.g., a WLAN in accor-
dance with an IEEE 802.11 specification). The wireless
devices 102-106 may be cellular telephones, tablet comput-
ers, or any other mobile computing devices configured for
WLAN access and satellite positioning. While four position-
ing satellites 110 and three wireless devices 102-106 are
shown in FIG. 1, in practice the system 100 may include any
number of positioning satellites and wireless devices.

Each wireless device 102-106 may include a synchroniza-
tion system 108 that adjusts the timing of a clock associated
with the GNSS receiver of the wireless device 102-106. The
synchronization system 108 receives fine timing assistance
information via the WLAN from a different one of the wire-
less devices 102-106 and uses the received fine timing infor-
mation to synchronize the GNSS clock to GNSS timing (sat-
ellite signal timing). When synchronized using the received
fine timing information, the GNSS clock of the wireless
device 102-106 has timing offset ofless than 1 ms from GNSS
timing. Consequently, a wireless device 102-106 receiving
fine timing assistance information via WL AN searches fewer
code delay and acquires the satellite positioning signal more
quickly than without fine timing assistance.

The wireless devices 102-106 may be wireless stations or
access points. Access points may be infrastructure access
points (i.e., devices assigned to a fixed location and/or con-
nected to a wired network) or soft access points (wireless
devices that can operate as stations or access points). For
example, the wireless device 104 may be an access point, and
the wireless device 102 may be station. The access point 104
may provide fine timing assistance information to the wire-
less station 102 or receive fine timing information from the
wireless station 102. In another example, the wireless devices
102, 106 are stations, and the wireless device 104 is an access
point. The access point 104 facilitates a communication link
(e.g., a tunneled direct link) between the wireless stations
102, 106, and one of the wireless stations provides fine timing
assistance information to the other.

In embodiments of the system 100 where two of the wire-
less devices 102, 104 are access points and one of the wireless
devices 102, 104 is to receive fine timing assistance from the
other device, one of the devices may temporarily operate as a
station. Alternatively, an access point may include a GNSS
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4

WLAN system dedicated to obtaining timing assistance and/
or other location related activities.

In the present disclosure, a wireless device 102 that pro-
vides fine timing assistance to a different wireless device 104
is termed an “assisting device” Similarly, a wireless device
102 that receives fine timing assistance from a different wire-
less device 104 is termed an “assisted device.”

FIG. 2 shows a block diagram of a wireless device 102
configured to synchronize a GNSS receiver using fine time
assistance information provided via WLAN in accordance
with various embodiments. The wireless device 102 is shown,
and wireless devices 104, 106 may include equivalent com-
ponents and functionality. The wireless device 102 includes a
GNSS receiver 202, a WLAN transceiver 204, and a synchro-
nization system 108. The GNSS receiver 202 may be GPS
receiver or any other receiver configured to receive satellite
positioning signals transmitted by a positioning satellite 110,
and to derive a position and/or timing reference from the
received satellite signals. The GNSS receiver 202 includes a
GNSS clock 206. The clock 206 is locked to (the timing of the
clock 206 is substantially equal to) GNSS timing when the
GNSS receiver 202 has acquired a satellite positioning signal.

The WLAN transceiver 204 provides circuitry through
which the wireless device 102 accesses the wireless medium
to communicate with one or more of the other wireless
devices 104, 106 connected to the WLAN. The WLAN trans-
ceiver 204 includes a WLAN clock 208.

The synchronization system 108 maintains a known rela-
tionship between (i.e., locks) the GNSS clock 206 and the
WLAN clock 208. In some embodiments of the synchroni-
zation system 108, a clock provided by the synchronization
system 108 drives the GNSS clock 206 and the WL AN clock
208, thereby maintaining a fixed clock bias between the
clocks 206, 208. The synchronization system 108 receives
fine timing assistance information through the WL AN trans-
ceiver 204 (as transmitted over the WLAN from a wireless
device 104, 106) and adjusts the timing of the GNSS clock
206 based on the fine timing assistance information to reduce
time difference between the GNSS clock 206 and GNSS
timing.

The synchronization system 108 is also configured to pro-
vide fine timing information to the WL AN transceiver 204 for
transmission to a different wireless device 104, 106. For
example, the synchronization system 108, may load a time
value into a packet for transmission via the WLAN trans-
ceiver 204. The time value may be a time value derived from
one of the WLAN clock 208 and the GNSS clock 206. For
example, the time value may be a time of departure value
provided by one of the WL AN clock 208 and the GNSS clock
206 that can be used to synchronize the GNSS clock 206 of a
wireless device 104, 106 that receives the packet containing
the time value.

Various components of the mobile wireless device 102
including at least some portions of the synchronization sys-
tem 108 can be implemented using a processor executing
software programming that causes the processor to perform
the operations described herein. In some embodiments, a
processor executing software instructions causes the wireless
device 102 to extract fine time assistance information from a
packet received via a WLAN and adjust a GNSS clock 206
based on the extracted information. Further, a processor
executing software instructions can provide fine timing infor-
mation to a wireless device via WLAN.

Suitable processors include, for example, general-purpose
microprocessors, digital signal processors, microcontrollers,
and other instruction execution devices. Processor architec-
tures generally include execution units (e.g., fixed point,
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floating point, integer, etc.), storage (e.g., registers, memory,
etc.), instruction decoding, peripherals (e.g., interrupt con-
trollers, timers, direct memory access controllers, etc.), input/
output systems (e.g., serial ports, parallel ports, etc.) and
various other components and sub-systems. Software pro-
gramming (i.e., processor executable instructions) that causes
aprocessor to perform the operations disclosed herein can be
stored in a computer readable storage medium. A computer
readable storage medium comprises volatile storage such as
random access memory, non-volatile storage (e.g., a hard
drive, an optical storage device (e.g., CD or DVD), FLASH
storage, read-only-memory), or combinations thereof. Pro-
cessors execute software instructions. Software instructions
alone are incapable of performing a function. Therefore, in
the present disclosure, any reference to a function performed
by software instructions, or to software instructions perform-
ing a function is simply a shorthand means for stating that the
function is performed by a processor executing the instruc-
tions.

In some embodiments, portions of the mobile wireless
device 102, including portions of the synchronization system
108 may be implemented using dedicated circuitry (e.g.,
dedicated circuitry implemented in an integrated circuit).
Some embodiments may use a combination of dedicated cir-
cuitry and a processor executing suitable software. For
example, some portions of the synchronization system 108
may be implemented using a processor or hardware circuitry.
Selection of a hardware or processor/software implementa-
tion of embodiments is a design choice based on a variety of
factors, such as cost, time to implement, and the ability to
incorporate changed or additional functionality in the future.

Embodiments of the wireless devices 102-106 may
exchange fine timing assistance information in a variety of
ways. Some embodiments provide fine time assistance via
time advertisements. An access point can transmit a time
advertisement as part of a beacon frame or a probe response.
Stations can transmit a time advertisement as part of a vendor
specific field of a probe request frame. Alternatively, fine
timing assistance information may be provided via a time
measurement action frame by either an access point or a
station. An example of a time advertisement structure and a
time measurement action frame that may be employed by
some embodiments of the wireless device 102 is described in
the IEEE 802.11v specification.

A time advertisement may describe a source of time cor-
responding to a time standard, and external clock, an estimate
of the offset between the time standard and the timer of the
assisting device, and an estimate of the standard deviation of
the error in the offset estimate. An assisted device can process
a time advertisement element received from an assisting
device in a beacon frame, probe response frame, or probe
request frame, and derive therefrom:

1. the time of transmission according to a reference time

such as coordinated universal time (UTC), and

2. the standard deviation of the error in the time of trans-

mission.

If a wireless device 102 receives a transmitted time adver-
tisement from the wireless device 104, then the wireless
device 102 is within about 200 meters of the wireless device
104 that transmitted the time advertisement due to the limited
range of WL AN signals. If the wireless device 104 is syn-
chronized to GNNS timing, then the wireless device 102 can
correct its clock by changing the time of the GNSS clock 206
to match the time of transmission plus an estimated propaga-
tion delay (if available). Thus, the GNSS clock 206 at the
wireless device 102 is provided with fine-timing assistance.
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That can have precision within a few microseconds depend-
ing on the accuracy of the clock 206 of the wireless station
104.

FIG. 3 shows a flow diagram for a method 300 for provid-
ing fine time assistance to a GNSS receiver via WLAN in
accordance with various embodiments. Though depicted
sequentially as a matter of convenience, at least some of the
actions shown can be performed in a different order and/or
performed in parallel. Additionally, some embodiments may
perform only some of the actions shown. In some embodi-
ments, at least some of the operations of the method 300, as
well as other operations described herein, can be performed
by a processor executing instructions stored in a computer
readable medium.

Inthe method 300, the assisting device 104 and the assisted
device 102 may be either an access point or a wireless station.
In block 302, the assisting device 104 synchronizes its
WLAN clock 208 to GNSS timing. In some embodiments,
the assisting device is receiving positioning signals from a
positioning satellite 110 and synchronizes the GNSS clock
206 and the WL AN clock 208 to GNSS timing as provided via
the satellite positioning signals. In other embodiments, the
assisting device 104 receives fine timing assistance informa-
tion from a different wireless device and synchronizes its
WLAN clock 208 based on the fine timing assistance. In such
embodiments, the assisting device 104 may lack a GNSS
receiver 202.

If the assisting device 104 estimates position using a non-
GNSS technology such as WLAN positioning, then the
assisting device 104 can use the positioning satellites 110 to
solve only for clock bias. Any error in the position estimate
will cause error in the clock bias estimate. WLAN positioning
typically has accuracies less than 300 m which leads to less
than 1 microsecond in additional error. Thus, synchronization
with GNSS can be achieved with only one satellite signal
based on known latitude, longitude, and altitude. An addi-
tional satellite signal is required for each unknown position
dimension.

In block 304, the assisting device 104 generates a beacon
frame or a probe request frame, and inserts fine timing assis-
tance information, such as time of departure provided from
the WLAN clock, into the generated frame. The fine timing
assistance information may be inserted into a time advertise-
ment that is included in the frame. The assisting device 104
transmits the generated frame over the WLAN in block 306.

In block 308, the assisted device 102 receives the transmit-
ted frame and records the time of arrival (TOA). The assisted
device 102 extracts the fine timing assistance information
from the frame in block 310. For example, the assisted device
102 may extract a time of departure (TOD) value and option-
ally extract the uncertainty of the time of departure from the
received frame. Some embodiments may also compute a
propagation delay value (D). The assisted device 102 may
compute the relative clock bias between the assisted device
102 and the assisting device 104 as:

Ab=TOA~(TOD+D).

In block 312, the assisted device 102 adjusts the GNSS
clock 206 based on the fine timing information. For example,
the assisted device 102 may synchronize the GPS clock 206
using the computed relative clock offset and its uncertainty
(which is a function of the uncertainties of TOA, TOD, & D).

In block 314, the assisted device 102 acquires satellite
signals using the synchronized GNSS clock 206.

FIG. 4 shows a flow diagram for a method 400 for provid-
ing fine time assistance to a GNSS receiver via WLAN in
accordance with various embodiments. Though depicted
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sequentially as a matter of convenience, at least some of the
actions shown can be performed in a different order and/or
performed in parallel. Additionally, some embodiments may
perform only some of the actions shown. In some embodi-
ments, at least some of the operations of the method 400, as
well as other operations described herein, can be performed
by a processor executing instructions stored in a computer
readable medium.

In the method 400, the assisting device 104 is an access
point and the assisted device 102 is a wireless station. Inblock
402, the assisting device 104 synchronizes its WLAN clock
208 to GNSS timing as explained with regard to block 302 of
method 300.

In block 404, the assisted device 102 generates and trans-
mits, via the WLAN; a probe request frame that includes a
request for fine timing assistance information. The assisting
device 104 receives the request for fine timing information via
the WLAN in block 406.

In block 408, the assisting device 104 generates a probe
response frame, and inserts fine timing assistance informa-
tion, such as time of departure provided from the WLAN
clock, into the generated frame. The fine timing assistance
information may be inserted into a time advertisement that is
included in the frame. The assisting device 104 transmits the
generated frame over the WLAN in block 410.

In block 412, the assisted device 102 receives the transmit-
ted frame. The assisted device 102 extracts the fine timing
assistance information and computes clock bias, in block 414,
as explained above with regard to block 308 of method 300.

In block 416, the assisted device 102 adjusts the GNSS
clock 206 based on the fine timing information as described in
block 310 of method 300. The assisted device 102 acquires
satellite signals using the synchronized GNSS clock 206 in
block 418.

FIG. 5 shows a flow diagram for a method 500 for provid-
ing fine time assistance to a GNSS receiver via WLAN in
accordance with various embodiments. Though depicted
sequentially as a matter of convenience, at least some of the
actions shown can be performed in a different order and/or
performed in parallel. Additionally, some embodiments may
perform only some of the actions shown. In some embodi-
ments, at least some of the operations of the method 500, as
well as other operations described herein, can be performed
by a processor executing instructions stored in a computer
readable medium.

In the method 500, the assisting device 104 is an access
point and the assisted device 102 is a wireless station. Inblock
502, the assisting device 104 synchronizes its WLAN clock
208 to GNSS timing as explained with regard to block 302 of
method 300.

In block 504, the assisting device 104 generates and trans-
mits, via the WLAN, a time advertisement including infor-
mation indicating that the assisting device 104 is synchro-
nized to GNSS timing and available to provide fine timing
assistance.

In block 506, the assisted device 102 receives, via the
WLAN, the time advertisement transmitted by the assisting
device 104. The assisted device 102 generates and transmits
to the assisting device 104, via the WLAN, a request for
exchange of timing information in block 508. The request for
exchange of timing information may be a time measurement
request frame. The timing measure measurement procedure
enables the assisted device 102 to synchronize its clock to the
assisting device 104. Thus, the exchange of timing informa-
tion via the time measurement procedure may provide more
precise synchronization than time advertisement because the
propagation delay and clock offsets can both be computed.
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However, the assisting device 104 still must transmit a time
advertisement element to allow the assisted device 102 to
discover that the assisting device 104 is prepared to provide
fine time assistance.

Inblocks 510-512, the assisted device 102 and the assisting
device 104 exchange timing information. A part of the
exchange, the assisting device 104 may: send an acknowl-
edgement to the request for exchange, send a first time mea-
surement action frame and record its time of departure (T1),
receive the acknowledgement to this frame and record its time
of arrival (T4), send a second time measurement action frame
and insert into the second frame the time of arrival and time of
departure observed for the first frame.

As part of the exchange, the assisted device 102 may:
measure the time of arrival of the first time measurement
action frame (T2), measure the time of departure for the
acknowledgement to the first time measurement action frame
(T3), and receive the second time measurement action frame.

In block 514, the assisted device 102 extracts the fine
timing assistance information from the received frame and
computes clock offset as:

(T2-T1)~(T4-T3))/2.

The assisted device 102 adjusts the GNSS clock 206 based on
the fine timing information (e.g., adjusts the GNSS clock 206
in accordance with the computed clock offset) in block 516.

In block 518, the assisted device 102 acquires satellite
signals using the synchronized GNSS clock 206

FIG. 6 shows a flow diagram for a method 600 for provid-
ing fine time assistance to a GNSS receiver via WLAN in
accordance with various embodiments. Though depicted
sequentially as a matter of convenience, at least some of the
actions shown can be performed in a different order and/or
performed in parallel. Additionally, some embodiments may
perform only some of the actions shown. In some embodi-
ments, at least some of the operations of the method 600, as
well as other operations described herein, can be performed
by a processor executing instructions stored in a computer
readable medium.

Inthe method 600, the assisting device 104 and the assisted
device 102 are wireless stations. In block 602, the assisting
device 104 synchronizes its WLAN clock 208 to GNSS tim-
ing as explained with regard to block 302 of method 300.

In block 604, the assisting device 104 generates and trans-
mits, via the WLAN, a time advertisement including infor-
mation indicating that the assisting device 104 is synchro-
nized to GNSS timing and available to provide fine timing
assistance. The wireless device 106 is an access point. The
access point 106 receives the time advertisement, in block
606, and adds the assisting device 104 to a list of devices
available to provide fine timing assistance information.

In block 608, the assisted device 102 searches for a device
that is available to provide fine timing assistance information.
The assisted device 102 generates and transmits, via the
WLAN, a packet requesting information regarding an assist-
ing device.

In block 610 the access point 106 receives the request for
assisting device information. In response to the request, the
access point 106 transmits, to the assisted device 102, infor-
mation indicating the that assisting device 104 is available
and capable of providing fine timing assistance

In block 612, the assisted device 102 requests initiation of
a link with the assisting device 104. The access point 106 sets
up the link between the assisted device 102 and the assisting
device 104 in block 614. The link may be a tunneled direct
link in some embodiments.
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In block 616, the assisted device 102 generates and trans-
mits to the assisting device 104, via the WL AN, a request for
exchange of timing information as described with regard to
block 508 of method 500. The assisted device 102 and the
assisting device 104 exchange timing information in blocks
618-620. The information exchange may be as described in
blocks 510-512 of the method 500.

In block 622, the assisted device 102 extracts the fine
timing assistance information from the timing frame trans-
mitted by the assisting device 104 and computes clock offset
as described with regard to block 514 of method 500. The
assisted device 102 adjusts the GNSS clock 206 based on the
fine timing information (e.g., adjusts the GNSS clock 206 in
accordance with the computed clock offset) in block 624.

In block 626, the assisted device 102 acquires satellite
signals using the synchronized GNSS clock 206

The above discussion is meant to be illustrative of the
principles and various embodiments of the present invention.
Numerous variations and modifications will become apparent
to those skilled in the art once the above disclosure is fully
appreciated. It is intended that the following claims be inter-
preted to embrace all such variations and modifications.

What is claimed is:
1. A method for synchronizing a global navigation satellite
system (GNSS) receiver, comprising:
receiving, by a wireless device, via a wireless local area
network (WLAN), fine time assistance information
transmitted by an assisting device connected to the
WLAN;

adjusting, by the wireless device, a time value of a GNSS
clock of the wireless device based on the fine time assis-
tance information;

acquiring, by the wireless device, GNSS codes of a GNSS

positioning signal based on the adjusted time value
extracting a departure time from the received fine time
assistance information measuring an arrival time of the
fine time assistance information at the wireless device;
estimating a value for propagation delay time within the
wireless device;
computing clock bias between the wireless device and the
assisting device based on the departure time, arrival
time, and value for propagation delay; and

adjusting the time value based on the clock bias.

2. The method of claim 1, further comprising:

synchronizing, by the assisting device, a WLAN clock of

the assisting device to GNSS timing; and

reading a time value from the WLAN clock; and

transmitting the time value as part of the fine time assis-

tance information to the wireless device.

3. The method of claim 1, wherein the adjusting synchro-
nizes the GNSS clock to within less than 1 millisecond of
GNSS timing.

4. The method of claim 1, wherein the assistance time
information is embedded in one of a beacon frame, a probe
request frame, and a probe response frame.

5. The method of claim 1, wherein the fine timing assis-
tance information comprises departure time of a first packet
transmitted by the assisting device and reception time of a
second packet received by the assisting device in response to
the first packet; the method further comprising:

computing, by the wireless device, clock bias between the

wireless device and the assisting device based on the fine

timing information, reception time of the first packet,

and transmission time of the second packet; and
adjusting the time value based on the clock bias.
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6. The method of claim 1 further comprising establishing a
communication link between the wireless device and the
assisting device via an access point on the WL AN; the estab-
lishing comprising:
notifying, by the wireless device, the access point of a
desire to adjust the GNSS clock of the wireless device;

receiving from the access point notification that the assist-
ing device is available to provide fine timing informa-
tion;

initiating, by the wireless device, a link with the assisting

device through the access point;

requesting, by the wireless device, fine timing information

from the assisting device.

7. A wireless device, comprising:

a global navigation satellite system (GNSS) receiver com-

prising a GNSS clock;

a wireless local area network (WLAN) transceiver com-

prising a WLAN clock; and

a synchronization system configured to:

synchronize the WLAN clock to the GNSS clock;

adjust the GNSS clock based on fine timing assistance
information received via the WLAN transceiver

extract a departure time from the fine time assistance
information

measure an arrival time of the fine time assistance infor-
mation at the wireless device;

estimate a value for propagation delay time within the
wireless device;

compute clock bias between the wireless device and an
assisting device that transmitted the fine time assis-
tance information based on the departure time, arrival
time, and value for propagation delay; and

adjust the GNSS clock based on the clock bias.

8. The wireless device of claim 7, wherein the synchroni-
zation system comprises a synchronization clock that locks
the WLAN clock and the GNSS clock.

9. The wireless device of claim 7 wherein the synchroni-
zation system is configured to extract the fine timing infor-
mation from one of a beacon frame, a probe request frame,
and a probe response frame received by the wireless device
via the WLAN.

10. The wireless device of claim 7, wherein the synchro-
nization system is configured to:

read a time value from the WLAN clock; and

transmit the time value as fine time assistance information

to an assisted device via the WLAN.

11. The wireless device of claim 7, wherein adjustment of
the GNSS clock based on fine timing information synchro-
nizes the GNSS clock to within less than one millisecond of
GNSS timing.

12. The wireless device of claim 7, wherein the fine timing
assistance information comprises departure time of a first
packet transmitted by an assisting device and reception time
of a second packet received by the assisting device in
response to the first packet; wherein the synchronization sys-
tem is configured to:

compute clock bias between the wireless device and an

assisting device based on the fine timing information,
reception time of the first packet, and transmission time
of the second packet; and

adjust the GNSS clock based on the clock bias.

13. The wireless device of claim 7, wherein the synchro-
nization system is configured to:

notify an access point of a request to adjust the GNSS clock

of the wireless device;

receive from the access point notification that an assisting

device is available to provide fine timing information;
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initiate a link with the assisting device through the access

point;

request fine timing information from the assisting device.

14. A wireless system, comprising:

a first wireless device, comprising:

a global navigation satellite system (GNSS) receiver;
a wireless local area network (WL AN) transceiver; and
a clock synchronization system coupled to the GNSS
receiver and the WLAN transceiver, the clock syn-
chronization system configured to:
synchronize a GNSS clock of the GNSS receiver to
GNSS timing based on fine time assistance infor-
mation provided via the WLAN transceiver;
extract a departure time from the received fine time
assistance information
measure an arrival time of the fine time assistance
information at the first wireless device;
estimate a value for propagation delay time within the
first wireless device;
compute clock bias between the first wireless device
and the second wireless device based on the depar-
ture time, arrival time, and value for propagation
delay; and
adjust the GNSS clock based on the clock bias;
a second wireless device, comprising:
a wireless local area network (WLAN) transceiver con-
figured to:
provide fine time assistance information based on a
clock of the WLAN transceiver of the second wire-
less device; and
transmit the fine time assistance information to the
first wireless device.

15. The system of claim 14, wherein the second wireless
device comprises a clock synchronization system coupled to
the WLAN transceiver of the second wireless device, the
clock synchronization system configured to:

synchronize a WLAN clock of the WLAN receiver of the

second wireless device to GNSS timing based on fine
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time assistance information provided by the WLAN
transceiver of the second wireless device; and

generate the fine time assistance information transmitted to

the first wireless device from the WLAN clock of the
second wireless device.

16. The system of claim 14, wherein the fine time assis-
tance information provided by the WLAN transceiver syn-
chronizes the GNSS clock to within less than 1 millisecond of
GNSS timing.

17.The system of claim 14, wherein the WL AN transceiver
of'the second wireless device is configured to transmit the fine
time assistance information in one of a beacon frame, a probe
request frame, and a probe response frame.

18. The system of claim 14, wherein the fine timing assis-
tance information comprises departure time of a first packet
transmitted by the second wireless device and reception time
of a second packet received by the second wireless device in
response to the first packet; wherein the clock synchroniza-
tion system is configured to:

compute clock bias between the second wireless device

and the first wireless device based on the fine timing
information, reception time of the first packet, and trans-
mission time of the second packet; and
adjust the GNSS clock based on the clock bias.
19. The system of claim 14, further comprising a third
wireless device comprising a WL AN transceiver; wherein the
clock synchronization system is configured to:
notify the third wireless device of a request to adjust the
GNSS clock of the first wireless device;

receive from the third wireless device notification that the
second wireless device is available to provide fine timing
information;

initiate a link with the second wireless device through the

third wireless device;

request fine timing information from the second wireless

device.



